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The synthesis of 3,3 '-bis(4-[3-ethynylphenoxy]phenyl)-7,7 '-bis(phenylethynyl)-2,2'-diphenyl-6,6'-biquinoxaline (I) was accomplished by reaction of 2,2' -bis(phenylethynyl)-5,5 '-diaminobenzidine (II) and 4-(3-ethynylphenoxy) benzil. Thermal analysis of I indicated a softening temperature of 107 0 C, followed by an exotherm above 150*C corresponding to independent crosslinking reaction of the terminal acetylene groups and intramolecular cycloaddition (IMC) reaction of the 2,2'-bis(phenylethynyl)biphenyl moieties.
In the course 
ABSTRACT (Cont'd)
of the synthetic work, substantial improvements were made in the synthesis of II.
The sample of I was cured at 200 0 C and the maximum partially cured transition temperature attained was 280*C. A sample of 3,3'-bis(4-[3-ethynylphenoxylphenyl)-2,2'-diphenyl-6,6'-biquinoxaline was similarly tested as a model without IMC capability, and its corresponding value was 250*C.
The difference in these two values is briefly discussed. A major drawback to processing the polymers was their high initial Tg and bulk viscosity which did not allow adequate softening to take place before the cure onset. A possible solution to this problem was suggested by recent work on quinoxaline oligomers with low softening temperatures which undergo a thermosetting polymerization through intermolecular reaction of terminal acetylene groups (References 2, 5, and 6). IMC can be a useful modification on polymers in two ways: 1) it can lower the required processing temperature, or 2) it can increase the resultant Tg at a curing temperature. Polymers with rigid backbones usually have a higher Tg, but also require higher processing temperatures in composite or structural parts fabrication.
UNCLAS SIFTED
Putting IMC sites into a polymer will soften the backbones, thus lowering the processing temperature. The IMC reaction can then be induced after processing to obtain its backbone rigidity and high Tg. This is not different from the thermoset concept, except that the cured polymer will not be highly crosslinked, Then the cloth was folded into quarter inch strips for mounting onto the sample plattens. TICA measurements of isothermal cure of IV however, indicated a very fast reaction rate. At 300 0 C, tTg, the time required to cure isothermally to the loss maximum, is comparable to the sample chamber heat-up time. This fact will make both the results from the two-step curing method and the cure-phase diagram unreliable.
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As shown from the epoxy work, we can prepare a series of samples with various known Tg. This is accomplished by isothermally curing a TICA sample and stopping the cure at the maximum of the vitrification peak.
The specimen thus prepared would then have a Tg equal to the curing temperature. With this set of specimens, a calibration technique is developed to detect Tg(n). in this report was 1.6 Hz (10 rad/sec). The sample chamber temperature was set at O°C at the beginning. Then the digital dials indicating the desired control temperature were increased in steps of 101C/5 sec. There will be a time lag between the convecting air temperature and the temperature indicated by the dials. Similarly a lag will exist between the air temperature and the specimen temperature.
Therefore, the specimen temperature increase is not necessarily linear or well controlled, but it is highly reproducible.
This reproducibility is critical in this experiment.
The softening of the specimen during the heat up is indicated by the decrease of the a component (Figure 2) .
The softening is due to the temperature effect on the specimen. The a component, after decreasing to a certain minimum, increases again which is due to the further curing of the specimen. The two effects are working against each other, so the amount of softening exhibited by the specimen is determined by its Tg value at the beginning of the experiment. That is why the temperature increase profile during heat-up being reproducible is an important factor in this experiment. The R values of IV at various Tg are listed in Table 1 , and are plotted also in Figure 3 . These results will serve as a calibration between R and Tg. A set of specimens cured at 200 0 C for various lengths of time were prepared. The R values were measured (included in Table 1 ).
The R values are then translated to Tg's which are plotted vs time of cure in Figure 4 . The results indicate that after the second hour of cure, the Tg stopped increasing and the maximum Tg was attained, as measured at 1.6 Hz (lO/rad/sec), is 250 ±10 0 C.
Similar experiments were performed on II and the results are listed in Table 2 . Figure 5 is the calibration curve for II and Figure 6 is the Tg vs time of cure plot. The sample of II showed a faster kinetic rate than IV, with most of the curing occurring in the first hour. This is in agreement with the kinetic data obtained with DSC. The Tg however, was still increasing even after eight hours of cure, but at an extremely slow rate. After 16 hours, the specimen had a Tg of 280 ±10 0 C, a higher Tg(n) value than IV. The preparation of this compound by a seven step procedure starting from 3-iodonitrobenzene has been previously reported (Reference 1). Some of the steps in this procedure were improved by the following synthetic modifications.
3,3'-Diiodoazoxybenzene
A mixture of sodium hydroxide (172 g., 4.3 moles) and ethanol (500 ml.)
was stirred and heated at reflux until most of the sodium hydroxide had dissolved. Ethylene glycol (600 ml.) was added, followed by 3-iodonitrobenzene (100 g., 0.402 mole). The reaction mixture was maintained at 100-110%C for two hours and poured into 4.1 of water. The precipitate was collected, washed thoroughly with water, and dried under suction to afford 76.0g. (85%) of crude 3,3'-diiodoazoxybenzene which was used without further purification for the following reaction.
N,N'-Diacetyl-2,2'-diiodobenzidine
To a solution of 3,3'-diiodoazoxybenzene (60.0 g., 0.133 mole) in 320 ml. tetrahydrofuran (THF) was added acetic acid (400 ml.), zinc dust (33.6 g., 0.513 mole), and 85% phosphoric acid (60 ml.). The reaction mixture was stirred for one hour at 23% and then cooled to -5°C.
Hydrochloric acid (120 ml.) was added at a rate such that the reaction temperature was maintained below O°C. After completion of addition the reaction mixture was stirred for one hour at -5 -0 0 C followed by 90 minutes at 23 0 C, and then was poured into 1.1 of water. The aqueous solution was filtered, and the filtrate was made basic with 900 ml. of ammonium hydroxide and extracted with benzene (4x300 ml.). The combined benzene extracts were filtered through a bed of Celite, washed with water (2x600 ml.), and 
Tg(OD)---------
Tg(D) --------------------
/
